KUMBÁR, VOJTĚCH, POLCAR ADAM, ČUPERA JIŘÍ: Rheological profi les of blends of the new and used motor oils. Acta Universitatis Agriculturae et Silviculturae Mendelianae Brunensis, 2013, LXI, No. 1, pp. 115-121 The objective of this paper is to fi nd changes of a rheological profi le of the new engine oil if the used engine oil will be add. And also fi nd changes of a rheological profi le of the used engine oil if the new engine oil will be add. For these experiments has been created the blends of the new and the used engine oil. The temperature dependence of the density [kg.m ] has been measured in the range of −10 °C and +60 °C. The instrument Densito 30PX with the scale for measuring engine oils has been used. The dynamic viscosity [mPa.s] has been measured in the range of −10 °C and +100 °C. The Anton Paar digital viscometer with the concentric cylinders geometry has been used. In the accordance with the expected behaviour, the density and the kinematic viscosity of all oils was decreasing with the increasing temperature. To the physical properties has been the mathematical models created. For the temperature dependence of the density has been used the linearly mathematical model and the exponentially mathematical model. For the temperature dependence of the dynamic viscosity has been used the polynomial 6 th degree. The knowledge of density and viscosity behaviour of an engine oil as a function of its temperature is of great importance, especially when considering running effi ciency and performance of combustion engines. Proposed models can be used for description and prediction of rheological behaviour of engine oils.
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The fi rst intervention in the life of engine oil is already at an oil change. Usually all old (used) oil it not release from the engine. Always remain a part of the engine oil in the oil sump and in the lubrication system. The remaining part of the old used oil is mixed with the new oil (a er fi lling) and there is interaction with oxidation products of the old oil with the new oil and his additives. The interaction of these substances can lead to changes the quality of the new motor oil, which describes Černý (2010) .
If the old oil mixes with the new engine oil, the dynamic viscosity of the new engine oil decrease, which may cause a malfunction of the oil at the low temperatures, as described in Kumbár (2010) .
The second case is topping the new engine oil into the oil partially or completely used motor oil. This is mainly done by unprofessional interventions users themselves, who want to extend oil life and thus save their money. This can lead to the irreversible changes in the engine. The degradation of engine oil does not stop by adding a small amount of the new engine oil into the old oil in accordance with the publication Kumbár (2011a) . Another thing is topping up the new engine oil if the level falls below the minimum amount of the engine oil fi lling. This happens mostly during the interval of the engine oil life.
MATERIALS AND METHODS

Blends of engine oil
For monitoring the rheological profi les of the blends of the new engine oil and used engine oil was used Mogul Felicia. The manufacturer describes it as universal year-round oil for the modern petrol and diesel engines. This engine oil is formulated to the Škoda cars. Other properties are given in the Tab. I.
The vehicle, which has been engine oil monitored, was the car Škoda Felicia, 1.3MPI (50 kW), vintage 1999. It was monitored the new engine oil, the used engine oil (mileage 15,000 km) and their blends. A detailed description is in the Tab. II.
Density measurement
The instrument Densito 30PX with the scale for measuring engine oils has been used. This instrument can measure with the high degree of accuracy ±1 kg.m −3
. The measurement was doing at the temperature from −10 °C to +60 °C. Sampling was done every 10 °C.
Viscosity measurement
The procedure of sample preparation for viscosity measurements corresponded to a typical sampling procedure. The adequate volume (200 ml) of oil was put into the apparatus cuvette without previous heavy mixing or any other kind of preparation. There are several methods to measure kinematic viscosity of fl uid or semi fl uid materials and diff erent geometries may be utilized: concentric cylinders, cone and plate, and parallel plates. Presented data have been obtained from measurements performed on laboratory digital viscometer Anton Paar DV-3 P (Austria), which is designed to measure dynamic or kinematic viscosity (, ), shear stress (), and shear rate (). The DV-3 P is a rotational viscometer, based on measuring the torque of a spindle rotating in the sample at a given speed. Shear stress is expressed in [g.cm ], and speed of spindle in revolutions per minute [rpm] . The experiments have been performed with use of R3 spindle. Due to the parallel cylinder geometry shear stress, except other values, can be determined. Kinematic Viscosity is the ratio of absolute or dynamic viscosity to density -a quantity in which no force is involved. Kinematic viscosity can be obtained by dividing the absolute viscosity of a fl uid with it is mass density Schematic of the measuring geometry is shown in the Fig. 1 .
The viscosity data were obtained for temperature range −10 °C and +100 °C. 
Mathematical models
RESULTS AND DISCUSSION
Density
The temperature dependence of the density has been measured for all the blends of the new and used engine oil. For all the blends density declined, if the temperature rise. The decrease has been modelled. The linearly and the exponentially mathematical models have been used as in Kumbár (2011b) .
The detailed descriptions are shown in the Tab. III and graphically illustrated in the Fig. 2 .
In the graph (in the Fig. 3 ) has been done the linearly mathematical model for the blend 50_50, where is 50% of the new engine oil and 50% of the used oil. For this model is valid:
The linearly model (the general form):
to calculate the density is valid:
For the 50_50 blend is valid a = −0.2857; k = 879.14. In the graph (in Fig. 4 ) has been done the exponentially mathematical model for the blend 50_50, where is 50% of the new engine oil and 50% of the used oil. For this model is valid:
The exponentially model (the general form):
; °C].
For the 50_50 blend is valid a = 879.15; k = −0.0003. 
Viscosity
The temperature dependence of dynamic viscosity has been measured for all blends of the new and used engine oil. For all blends dynamic viscosity declined, if the temperature rise. The decrease has been modelled. The polynomial (6 th degree) mathematical model has been used as in Pramanic (2003) and Maggi (2006) . The graphically illustrated is shown in the Fig. 5 .
In Fig. 6 has been done the polynomial (6 th degree) mathematical model for the blend 50_50, where is 50% of the new engine oil and 50% of the used oil. For this model is valid:
The polynomial 6 th degree (the general form):
to calculate the dynamic viscosity is valid:
for the blend 50_50 is valid a 0 = 1,484. 
CONCLUSIONS
The density and the dynamic viscosity have been showed the signifi cant temperature dependence. If the temperature increased, the density and dynamic viscosity decreased. Similar results have been confi rmed in their publications Mang (2001) , Guo (2007) and Albertson (2008) . The density decreased from an average of the 881 kg.m −3 at −10 °C to an average of the 862 kg.m −3 at +60 °C for all blends of the new and used engine oils. This decrease was almost linear. The correlation coeffi cient R values ranged 0.93 to 0.99 (for the linear model) for the blends of the new and used engine oils. The values of the correlation coeffi cient R and the determination coeffi cient R 2 were almost the same. The dependence of density on the duration of use of the engine oil has not been established. The dynamic viscosity decreased from an average of the 4,256 mPa.s at −10 °C to an average of the 124 mPa.s at +40 °C and to an average of the 46 mPa.s at +100 °C for all blends of the new and used engine oils. The temperature dependence of dynamic viscosity has been modelled by the polynomial mathematical model as in Severa (2008) . The values of the determination coeffi cient R 2 ranged 0.97 to 0.99. The dependence of dynamic viscosity on the duration of use of the engine oil has been established as in Severa (2009) and and Kumbár (2011c) . A er the mileage 15,000 km and at −10 °C decreased the dynamic viscosity from the 5,191 mPa.s to the 2,665 mPa.s. Over the temperature 20 °C the diff erence was minimal. 
SUMMARY
The objective of this paper is to fi nd changes of the rheological profi le of the new engine oil if the used engine oil will be add. And also fi nd changes of the rheological profi le of the used engine oil if the new engine oil will be add. The fi rst intervention in the life of the engine oil is already at an oil change. From the engine cannot launch all old oil. Always remain a part of the engine oil in the oil sump and in the lubrication system. The remaining part of the old used oil is mixed with the new oil (a er fi lling) and there is interaction with oxidation products of the old oil with the new oil and his additives. The interaction of these substances can lead to changes the quality of the new motor oil, which describes. If the old oil mixes with the new engine oil, the dynamic viscosity of the new engine oil decrease, which may cause a malfunction of the oil at the low temperatures. The second case is topping the new engine oil into the oil partially or completely used motor oil. This is mainly done by unprofessional interventions users themselves, who want to extend oil life and thus save their money. This can lead to the irreversible changes in the engine. For these experiments has been created the blends of the new and used engine oil. The temperature dependence of the density [kg.m −3 ] has been measured in the range of −10 °C and +60 °C. The instrument Densito 30PX with the scale for measuring the engine oils has been used. The dynamic viscosity [mPa.s] has been measured in the range of −10 °C and +100 °C. The Anton Paar digital viscometer with the concentric cylinders geometry has been used. To the physical properties has been the mathematical models created. The density and the dynamic viscosity have been showed the signifi cant temperature dependence. If the temperature increased, the density and the dynamic viscosity decreased. The density decreased from an average of the 881 kg.m −3 at −10 °C to an average of the 862 kg.m −3 at +60 °C. This decrease was almost linear. The correlation coeffi cient R values ranged 0.93 to 0.99 (for the linear model). The values of the correlation coeffi cient R and the determination coeffi cient R 2 were almost the same. The dependence of density on the duration of use of the engine oil has not been established. The dynamic viscosity decreased from an average of the 4,256 mPa.s at −10 °C to an average of the 124 mPa.s at +40 °C and to an average of the 46 mPa.s at +100 °C. The temperature dependence of the dynamic viscosity has been modelled by the polynomial mathematical model. The values of the determination coeffi cient R 2 ranged 0.97 to 0.99. The dependence of the dynamic viscosity on the duration of use of the engine oil has been established. A er the mileage 15,000 km and at −10 °C decreased the dynamic viscosity from the 5,191 mPa.s to the 2,665 mPa.s. Over the temperature 20 °C the diff erence of the dynamic viscosity was minimal. Knowledge of the density and viscosity behaviour of an engine oil as a function of its temperature is of great importance, especially when considering running effi ciency and performance of combustion engines. Proposed models can be used for description and prediction of rheological behaviour of engine oils.
